The objective of this report is to present a simplified, activity-based costing approach for hospital emergency departments (EDs) to use with Lean Six Sigma cost-benefit analyses. The cost model complexity is reduced by removing diagnostic and conditionspecific costs, thereby revealing the underlying process activities' cost inefficiencies. Examples are provided for evaluating the cost savings from reducing discharge delays and the cost impact of keeping patients in the ED (boarding) after the decision to admit has been made. The process-improvement cost model provides a needed tool in selecting, prioritizing, and validating Lean process-improvement projects in the ED and other areas of patient care that involve multiple dissimilar diagnoses.
I N T R O D U C T I O N
Emergency departments (EDs) are seeing an increasing number of patients with below-cost to no-payment capability such as self-pay and public insurance (Medicare and Medicaid). The Congressional Budget Office (2015, p. 123) estimated that the number of people enrolled in Medicaid would increase by 11 million in 2015. Medicaid beneficiaries use the ED two times more than do patients with private insurance (Mann, 2014; Taubman, Allen, Wright, Baicker, & Finkelstein, 2014) . A study conducted by the Colorado Hospital Association (2014) showed that the 61% of ED visits across 62 Colorado hospitals in the first quarter of 2014 were made by publicly insured and self-pay patients, which is a 4% increase from the previous year. This increase in uncompensated care poses a threat to ED survival.
Healthcare has turned to the manufacturing industries and continuous improvement approaches, such as Lean Six Sigma, to provide a conduit for reducing costs while maintaining or improving quality of care (Dickson, Singh, Cheung, Wyatt, & Nugent, 2009) . The goal of Lean is to provide more value to customers through the elimination of waste and increases in quality, leading to an increase in profit (Womack & Jones, 2003) . In manufacturing, cost reductions typically can be directly correlated with processing time reductions (Hansen & Mowen, 2010) . Therefore, if processing time is reduced through the elimination of waste or the optimization of the process, the costs associated with performing the process will be reduced. Emphasis is placed on measuring the time savings rather than the cost savings (Rother & Shook, 2003) .
The application of Lean to healthcare is widely debated. Leaders have had concerns such as the effects on the patient's perception and the ability to standardize physician and nurse activities without sacrificing patient care (Dean, 2013; Waring & Bishop, 2010) . Holden (2011) summarized the documented implementation of Lean practices in EDs during the period from 2006 to 2009 as promising but inconclusive because of missing information regarding patient safety, employee satisfaction, sustainment, and management participation. Holden's results were supported by a 2009 case study of the effect of Lean in four EDs (Dickson, Anguelov, Vetterick, Eller, & Singh, 2009) . The fact that these efforts resulted in time reductions has been an impetus to many hospital systems to implement the Lean philosophy (Dart, 2011; Graban, 2014; Kenney, 2010) . For example, ThedaCare, a health system in Wisconsin that introduced Lean thinking in 2003, implemented 10,000 "continuous daily improvements" in 2011 and more than 20,000 in 2012 (Graban, 2014; Mannon, 2014) . ThedaCare has used Lean tools in the ED to reduce the "door-to-balloon" time for patients who have had heart attacks from 90 to 37 minutes and to increase the percentage of patients with ischemic stroke who undergo computed tomography within 25 minutes from 51% to 89% (Toussaint & Gerard, 2010) .
In the ED, a correlation between time and cost does not always exist. Instead, the costs associated with patient care are predominately condition driven. For example, a patient with an emergency severity index (ESI) acuity of 1 and a patient with an ESI acuity of 4/5 may have the same length of stay (LOS) in the ED but not the same cost of care. This, coupled with the high ED patient variability, makes using Lean tools such as value stream mapping (i.e., diagram of steps in process and associated time management information) and DMAIC (define, measure, analyze, improve, and control) challenging (George, Maxey, Rowlands, & Price, 2004; Locher, 2013) .
A key Lean reference points out that many enterprises jump right into eliminating waste without understanding the entire value stream (Rother & Shook, 2003) . The improvements used in one part of the stream can negatively affect another with regard to time, cost, or both. For the DMAIC process, processimprovement team members perform a cost-benefit analysis as part of the project charter for comparison with hospital leadership-established guidelines (Stamatis, 2010) . The cost-benefit analysis is repeated in the "improve" phase to ensure that the proposed process changes are justifiable (Stamatis, 2010) . An understanding of the costs is necessary when using Lean Six Sigma methodology, particularly when the relationship between time and cost can be inconsistent.
We developed an ED processimprovement cost model and present it here. This model will enable healthcare leaders to evaluate the anticipated cost savings and/or revenue increases resulting from a process-improvement project and will ensure that the anticipated time savings results in an acceptable cost savings for the ED. In addition, the cost model provides a tool to help prioritize the Lean projects competing for ED staff time and capital funding.
C O S T -M O D E L I N G A P P R O A C H
Determining the cost or revenue changes per process change is possible for manufacturing applications because of the use of activity-based cost accounting that provides detailed cost information per part and assembly. Cost data are continually updated to reflect the actual expenditures associated with each stage of the manufacturing process. Managers compare per-product revenue with costs to ensure that an adequate profit margin is maintained.
People have attempted to apply cost accounting methods used in manufacturing to healthcare. In the 1990s, activity-based costing (ABC) became the forefront approach for healthcare (Lawson, 2005) . In ABC, costs are assigned directly to the activity associated with them, and overhead is no longer a percentage mark-up but is allocated on the basis of use of the overhead contributor. For example, the cost of a blood transfusion more than doubles when the costs associated with the activities required to perform a transfusion are included compared with the cost of blood acquisition alone (Shander et al., 2010) . These activities include hospital blood bank management, pretransfusion process, delivering components from the blood bank to the transfusion site, and overhead activities.
In (Kaplan & Porter, 2011; Kaplan et al., 2014; Öker & Özyapıcı, 2013) . MD Anderson Cancer Center automated the TDABC approach for use in other clinical care areas. Use of the automated model in their Anesthesia Assessment Center reduced costs and improved process efficiency without compromising patient care. Identified process optimizations reduced the average patient processing time by 33% and the associated personnel costs by 46% (Kaplan et al., 2014) . MD Anderson Cancer Center plans to implement TDABC institute wide in the near future (Institute for Cancer Care Innovation, 2013 .
The TDABC approach simplifies activity-based costing by using a cost per unit of time rate based on total resources used and average time expended for each activity instead of allocating total costs expended to each transaction of an activity based on the percentage of total time expended for that activity (Kaplan & Anderson, 2004) . This unit cost coupled with the time required to perform the activity provides an estimate of cost per time for each activity. The unit cost of supplying capacity requires an estimation of all the expenses involved in performing that activity and their respective utilization rates. Totaling the costs for each activity yields a total cost for the predefined patient type or process, which can be compared directly with the invoiced cost. Although the approach is easily implemented for a specific diagnosis, the process becomes quite complex when evaluating an ED in which the number of diagnoses is substantial (Hoozée, 2010) .
The cost modeling approach presented here looks at the underlying process regardless of the patient's condition. By considering only the costs associated with the process under investigation, the model is greatly simplified. Diagnosis-specific costs that are invoiced directly to the patient, such as inventory used and services performed outside the ED, are not included. This exclusion minimizes the variability in cost per patient as a function of processing time. For instance, if we compared the costs associated with the imaging process for a high-acuity trauma patient with those for a low-acuity soon-to-be discharged patient, diagnosis-specific costs per time or patient would be significantly different. The cost difference associated with computed tomography with contrast for the high-acuity patient versus an X-ray for the low-acuity patient would overshadow the cost reductions associated with reducing the staff time required to perform the process. By including only the processspecific costs associated with imaging for the two types of patients (such as increased staff and additional time), the potential savings resulting from imaging optimization are discernible.
The cost model is used to determine the current process costs and to establish a baseline for comparison with the future process costs associated with Lean-derived process changes. The process-improvement team members analyze the recommended changes to determine the effect on current time expenditures, resources required, and patients who can be accommodated. The cost inputs, time inputs, or both are then adjusted to reflect the proposed changes. The team members then determine the potential gains and compare them with the baseline and other proposed process-improvement options in the cost-benefit analysis. This allows them to verify that the time savings will result in cost savings and that the costs of implementing the changes are justified.
Identifying and mapping the complete set of activities across an organization is one principle of Lean. Participants must understand the complete process and its effects on other processes (Womack & Jones, 2003) . The cost model supports this principle and is to be developed for the ED value stream map or another all-inclusive process map first. As Lean advances in stages and requires a more complete understanding of specific activities, the model is adjusted as necessary. Costs can be further broken down, changes to specific process activities can be evaluated, and other details can be integrated into the cost model.
Once overall ED operations are optimized , participants can evaluate condition-specific processes for prevalent conditions or those of higher priority in the ED. Costing approaches similar to the TDABC approach, which includes condition-specific costs, can be used (Kaplan & Porter, 2011) .
C O S T -M O D E L I N G P R O C E S S
Defining the process is the first step in creating a cost model. The process needs to be as inclusive as possible to ensure that changes made in one step do not negatively affect other steps. Value stream mapping is a Lean tool commonly used to define the process (George et al., 2004) . Process flow charts, spaghetti diagrams, and SIPOC (suppliers, inputs, processes, outputs, and customers) diagrams are other Lean tools used for mapping (George et al., 2004) . Any process mapping technique is acceptable as long as complete information is presented regarding the steps in the process and their interaction with one another. We have devised a simple process mapping technique that includes the human inventory (i.e., patient wait) as an activity, thereby enabling a cost to be assigned to the patient wait time. Figure 1 displays the process map for a factitious hospital, A-1. We used a process coding system to categorize the process-IMproveMent cost MoDel for tHe eMergency DepartMent paths based on an ED's desires or needs. The black and gray arrows represent the ideal path and currently acceptable paths from a patient's perspective, respectively, and vary among EDs depending on their operations strategies. The process depicted represents a direct-bedding strategy in which triage adds value only when a bed is not available. Processimprovement team members should challenge and justify the identification of a path as black or gray. The dashed arrows represent paths for which process planning is required but minimal patient travel is desired. These paths typically represent waste. The dotted arrows indicate paths associated with a loss in revenue and need to be eliminated.
C O S T M O D E L
Using the activities identified in the process map, the process-improvement team develops a cost model. The model algorithm is based on distributing the activity-based costs-evenly or per an allocation scheme-to each hour spent by patients in the ED. The cost per patient-hour equals the total activity costs divided by the multiple of the total number of patients over the period in which the costs were incurred and the average time spent by a patient in the activity. Although the math is simple, the multitude of cost factors and the allocation method requires an off-theshelf spreadsheet program to facilitate the computation.
The following data are required to create the model: (1) ED budget converted in dollars per day, (2) facility and equipment costs that should be assigned to the ED, (3) lost revenue estimates associated with patients leaving before treatment is started or completed and missed opportunities from patients' going to a competitor's ED, (4) time data associated with the process activity to be optimized, (5) type of patient data, if required, associated with the time data, and (6) number of patients leaving the ED before starting or completing treatment.
F I G U R E 1 A-1 Hospital Emergency Department Process Map
The advancement and availability of ED information systems and the hospital's required cost accounting and budgeting information make most of these data easily accessible (Weinstock, 2014) . Typically, only the staffing and inventory costs are part of the ED's budget. All other items are included in the hospital's budget or are not considered, such as overhead and lost revenue (Nowicki, 2006) . A process is needed to determine the allocated amount or to estimate these costs. Possible methods include allocating facility depreciation, maintenance, utilities, insurance, and property tax by the square footage of the ED versus that of the entire hospital and define equipment maintenance as a percentage of the purchase cost. The important point is that the estimates are reasonable and substantiated and that equivalent methods are used for all projects.
Items not included in the cost model are directly billable costs that involve staff from other departments, directly billable inventory, physician incentive pay based on relative value units, and care by consulting physicians or specialists. These costs, although applicable to total costs, are not under the ED's control or are diagnosis specific. As discussed earlier, these costs are highly variable, depending on the patient and his or her condition, and they dwarf the costs needed to evaluate ED processes.
The next step is determining the cost per patient-hours spent in the ED on the basis of the current process and the proposed changes to cost and time. If one assumes no change in cost per patient-hour or in the total number of patients seen, savings are calculated by multiplying the cost per patient-hour by the time reduction attributed to the Lean process. However, this amount underestimates the actual savings.
The distribution of costs, given a reduction in total patient-hours, should be determined in the cost model in one of two ways: (1) an increase in patient capacity attributed to better service or (2) a decrease in costs caused by a reduction in resources required, revenue lost, or both. Decreasing costs involves a simple adjustment to the model and is reflected in the cost per patient-hour. Increasing patient capacity is more complex and requires a trial and error approach or simple linear programming to allocate the realized time savings to patient type (admitted, discharged, or other), if segregated. The number of patients according to type and the LOS are used to allocate the time savings and determine the total increase in patient capacity.
To demonstrate use of the model, we present an example of a processimprovement project for reducing discharge delays at A-1 Hospital's ED. This process-improvement project can be summarized as follows:
The A-1 Hospital's processimprovement team decided to reduce the wait to leave ED time for patients being discharged. The team prepared the process map and gathered time statistics. The team discovered that 25% of all patients discharged from the ED were delayed by an average of 25 minutes to complete registration. Meetings were held, the registration process was reviewed, and steps were taken to reduce the registration process time. However, the greatest delay in the process was ascertaining when the patient was available to complete registration. Team members discussed making capital purchases such as a real-time location system to provide information regarding patient availability (Drazen & Rhoads, 2011) . The team then questioned how much money would be saved.
The first question to be asked is this: "How much does it currently cost for a discharged patient to wait to leave while occupying an ED bed?" To answer this question, we first gather controllable costs incurred by the ED. These costs and the methods used to estimate them are listed in Table 1. A-1 Hospital's ED is a 90-bed, 55,000-square-foot facility that receives 90,000 patients per year; the average revenue per ED visit is $900. The costs equate to $300 per patient ($27 million per year). This can be further broken down on the basis of specific areas in the ED, such as fast-track care versus regular care, type of bed (such as trauma or regular), or patient type (such as admitted versus discharged).
Any breakdown of costs is done on the basis of the Lean project being considered. For A-1 Hospital's ED, the Lean project is evaluating the wait to leave ED activity for discharged patients with a registration delay. Figure 1 shows the process, which is identified by the wait to leave ED process box and the gray path to home. This process requires a breakdown of costs between admitted and discharged patients. The relevant time statistics are presented in Table 2 .
According to the equations presented in Table 3 , A-1 Hospital's ED experiences 32,567 patient-hours per month, 65% of which are for discharged patients. Although 70% of the patients were discharged, they used only 65% of the ED resources. The cost for a discharged patient is $270 ($17 million per year).
For the wait to leave ED activity, the difference in cost is even greater. Discharged patients used only 29% of ED resources. Using the same model but considering only the percentage of LOS attributed to wait to leave ED, the current cost for a discharged patient would be $23 ($1.4 million per year). These differences highlight the importance of appropriately defining the model to represent the costs associated with the process-improvement project. Using $274 instead of $23 per patient greatly affects the conclusion.
A-1 Hospital's process-improvement team would like to eliminate any waits to leave the ED caused by registration delays. Discharged patients who are delayed because of registration use ED resources 31% of the time and account for $450,000 of the costs associated with discharged patients waiting to leave the ED. If A-1 Hospital's ED eliminates the registration delay, the wait to leave ED time for discharged patients would be reduced to 14 minutes, and $450,000 per year could be saved.
The $450,000 savings assumes that there is no change to the patient count because of the time savings, and that the cost per patient-hour remains constant. To properly evaluate the expected cost savings, the process-improvement team must decide how this improvement in performance will affect the number of patients seen and calculate any changes to the costs presented in team assumed that a 10% reduction in revenue loss would occur and the patient-hours saved would increase the number of patients seen. Using the new wait to leave ED time for discharged patients, we calculate an average LOS of 256 minutes. This 4-minute savings per patient would enable 126 additional patients (37 admitted, 89 discharged) to be seen per month. Using A-1 Hospital's net revenue for the average patient (admitted and discharged), plus the savings attributed to the reduction in lost revenue, results in a potential savings of $630,000 per year.
In summary, A-1 Hospital's processimprovement project has the potential of realizing a gain of $630,000 per year if the registration discharge delay is eliminated. The process-improvement team decided to reduce the time required to register patients by reducing the total activities in the registration process and the amount of information obtained from patients. No capital expenditures were made on equipment to determine patient availability. The team shifted work to other departments and eliminated gathering of unnecessary patient information. The processimprovement team will reevaluate registration-related discharge delays after the changes are implemented. The information provided by the cost model was essential in deciding how much time, effort, and assets to put forth for a process-improvement project.
In addition, by examining the wait to leave ED times, the process-improvement team was able to determine how 
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Discharged patients, % 25 much time boarding added to LOS. Given the cost modeling approach presented here, the team is able to determine the cost associated with boarding (see sidebar, How Much Is Bed Boarding Costing Your ED?). Lean and process improvement is a continuous exercise (Pirasteh & Kannappa, 2013) . Whether it be in the discovery of an area requiring improvement or in monitoring the performance of an area that has undergone a process improvement, a cost model is crucial to determine whether the changes to be made are worth the disruption to operations (Seidman & McCauley, 2012) .
C O S T -B E N E F I T A N A LY S I S
The ED process-improvement cost model presented here offers a simplified and, thus, cost-effective means for understanding the financial resources required to implement a Lean improvement. By removing the activity costs associated with diagnostic tests, procedures performed, and medications administered in the ED, the complexity of the spreadsheet calculations and the time required to create it are decreased substantially.
The costs associated with A-1 Hospital's ED model can be broken down into three areas: process mapping, cost model development, and spreadsheet creation (using off-the-shelf software). Process mapping is a principle of Lean and is required regardless of whether a cost model is used or not; process mapping should not be considered in the cost-benefit analysis of developing a cost model. On the basis of our experiences with the cost model, less than 40 hours would be required to gather data and define the cost model algorithm for an ED with an information system. However, the time needed to prepare the spreadsheet depends on the hospital and its processes. The greater the number of paths, beds, care units, and so forth, the greater the time required to create the spreadsheet. The time required to evaluate a process change proposal should be less than 8 hours. Costs for both of these activities would be a function of the hourly labor rate of the people performing the tasks.
The process used to create A-1 Hospital's ED cost model made it difficult to distinguish the costs of model preparation from those of the Lean project. The activities performed by the team consisted of preparing a process map, performing a DMAIC process to eliminate registration delays, developing the cost model, running interactions based on proposed changes, and documenting the results. The percentage of costs associated directly with development of the cost model is difficult to determine. However, once the model is created, the costs associated with using it as a tool in other Lean projects is minimal. In addition, the knowledge gained by creating the cost model will greatly reduce the time required to make changes in the process map in the current ED or to develop a cost model for another hospital's ED.
The greatest benefit is the reduction of resources required to conduct Lean projects. Performing a cost-benefit analysis as part of the Lean project charter ensures that the potential savings will meet a hospital-defined minimum before resources are expended (Stamatis, 2010) . In addition, understanding the costs up-front minimizes the time spent on evaluating non-cost-effective options for process optimization. Finally, understanding the interaction between process map activities in the cost model ensures that a positive cost effect in one activity does not have a negative effect in another. The cost model also serves as a means to aid in prioritizing Lean
How Much Is Bed Boarding Costing Your ED?
At A-1 Hospital, 83% of admitted patients stay in an ED bed for 60 or more minutes, with an average wait time of 140 minutes. The remaining 17% wait an average of 25 minutes. Using these numbers and Table 2 data, the authors find that boarders account for $3 million per year, or 12% of the total ED costs examined in this report. Reducing the average wait time from 140 to 60 minutes would enable the ED to see an additional 6,600 patients per year. The additional revenue would increase the gain realized to $4 million per year.
projects, confirming that the Lean project stays on track and achieves the goal of the project, and providing an assessment of how Lean methodology works in the hospital setting.
S T U D Y L I M I T A T I O N S
Process changes made in an ED may not be independent of other departments. A process improvement for the ED may have a negative effect on costs in other departments or the hospital as a whole (Schultz, 2011) . For A-1 Hospital's process-improvement project, registration activities were reduced by shifting the work to another department. This shifting of work to another department was flagged as a change that was not considered by the cost model and that could have had a cost impact to the hospital system. We assessed this impact and determined it to be negligible because the activities were already being performed by the other department. To ensure that overall costs are reduced, managers must understand the value stream or process map of the entire enterprise or at least the connections between departments (Womack & Jones, 2003) .
In addition, improving a process often involves factors that are difficult to quantify. For instance, time reductions could result in an increase in employee turnover, staff reductions could lead to a decrease in customer satisfaction ratings, and inventory reductions could hamper disaster preparedness (Beach, 2010; Guilding, Lamminmaki, & McManus, 2014) . The process-improvement team must consider all factors that might be affected by the changes and balance the possible consequences against the cost savings from the recommended process changes.
Finally, process and patient statistics are gathered over a defined period and combined with actual or budgeted costs to create the cost model. The cost model represents the average patient population and process performance. The process-improvement team can perform a sensitivity analysis to gain insight into the cost differences associated with patient and process variability. The analysis can be as simple as changing a few factors independently or as detailed as a multifactorial design of experiments (Hillier & Lieberman, 2010) . The sensitivities will identify the risk level associated with the process-improvement decision with regard to daily versus average operation.
A cost model, like any other Lean tool, is a representation of current or planned operations and is limited in its comprehensiveness. The effects on operations outside of the ED, factors not included in the cost model, and atypical operations need to be considered when deciding to implement a processimprovement recommendation.
C O N C L U S I O N
The process-improvement cost model provides activity-based costing of Lean process improvements in the ED with minimal complexity. Lean methodology is increasingly being used in the ED to improve patient care, increase patient flow, and reduce costs. The processimprovement team performs a costbenefit analysis at various stages to ensure that the cost savings resulting from the projected time savings are adequate to cover the time, effort, and capital expenditures required to optimize the process. The processimprovement team can reduce the effort associated with performing a cost-benefit analysis by accepting the premise that a reduction in time equates to a reduction in cost. Although this is typically the case in manufacturing, it is not so in the ED environment.
Understanding the costs associated with ED care is difficult when all treatment options are included. By omitting the costs outside the ED's control, such as diagnosis-specific treatments, developing a cost model is simpler and the underlying process easier to evaluate. Although the total cost of patient care is not known, the costs that the ED can change are defined per activity per patient-hour. This approach provides an important metric to be added to the evaluation, comparison, and verification process associated with Lean processimprovement projects in the ED.
Once the cost model is developed for a hospital's ED, it can be easily modified to reflect changes in the ED's process map or used in another ED in the hospital system. In addition, the cost model can be used in other areas of patient care that involve multiple dissimilar diagnoses, such as intensive care or medical-surgery units. The initial outlay to develop the cost model can be readily justified by the benefits it may provide to a hospital system.
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The authors thank Huntsville Hospital in Huntsville, Alabama, for providing representative ED data, thereby enabling A-1 Hospital's ED to reflect actual hospitals. Huntsville Hospital is a 941-bed, community-based, not-for-profit institution. It is the second largest hospital in Alabama and part of the third-largest publicly owned hospital system in the nation. Huntsville Hospital serves as the major referral hospital and trauma center for patients in northern Alabama and southern Tennessee and is a teaching facility for the University of Alabama at Birmingham's Family Practice and Internal Medicine residency programs (Huntsville Hospital, 2014) . times in our ED. We set a goal of 30 minutes or less for a patient to see a provider. As expected, staff and providers expressed much resistance. Their common request was to hire more staff to accomplish the feat. After months of working with the ED staff, ED physicians, and many other interdisciplinary players, we achieved an average wait time of 13 to 15 minutes, a reduction from the 30-minute wait time 2 years ago. We were able to accomplish this goal without increasing the number of staff members. Similar to the time savings in the A-1 Hospital example, by focusing on "door-todoc" time, our time savings resulted in increased patient flow throughout the hospital, contributing to the cost reduction.
Any effects on operations outside the ED, factors not included in the cost model, and atypical operations (e.g., variations in care by provider) need to be considered when deciding to implement a process improvement recommendation. Hospitals are complex and departments depend on other departments to continue the care of patients. Any time a process improvement is begun, all of the departments that will be affected should participate in the process.
The ED is often called the "gateway" or "front door" to the hospital, as it is many patients' first encounter with the hospital. Providing the most cost-effective care in our EDs will assist in ensuring that they remain viable.
